Calculation of the Oceanic Residence Time
The residence time () of HFSEs in the ocean can be calculated from:
where C sw is the concentration of the element in seawater, M sw is the total mass of seawater (1.35  10 21 kg), and F total , F riverine , F atmospheric and F hydrothermal are total, riverine, atmospheric and hydrothermal flux of the element, respectively 3 . The results are given in Supplementary   Table S2 . C sw of HFSEs used here is the average concentration of 163 deep water samples (>1,000 m) on the Pacific section. F riverine can be calculated from:
where C river is the concentration of the element in river water, water F river is the total river discharge (3.74  10 16 kg/year), and f is the fraction of riverine element that is not removed from the water column within estuaries and is added to the deep ocean basins. C river is taken from Gaillardet et al 4 for Zr and Nb. C river of Hf and Ta is the concentration determined by ourselves in a river water reference material SLRS-3 (Ottawa River, Canada) 5 . These concentrations are 15% and 23% of the proposed world average 4 . The concentrations of Zr and Hf in the Hudson River reported recently 6 are comparable with the adopted C river . In the Hudson River estuary, there was ~50% removal of Zr and Hf. It is, however, assumed that f = 1, because we do not know enough details of estuarine removal for each element. F atmospheric consists of wet and dry deposition. The wet deposition flux is obtained by multiplying the concentration in rain water (C rain ) and the rain water flux ( water F rain = 3.60  10 17 kg/year).
Because of scarcity of data, the concentration in rain water collected in Japan 5 is used for C rain .
Since there is high dust supply from the Asian Continent to Japan, it is possible that the used C rain is higher than the global average, resulting in overestimation of the flux. On the other hand, the dry deposition flux is not considered here, because there are not enough data.
F hydrothermal is assumed to be negligible on the basis of our observation.
The resulting  of HFSEs is comparable with or slightly longer than the oceanic mixing time of 500-1,000 years, and shorter than  of silicate 3 . The  that has been estimated from scavenging models is 800-5,600 years for Zr and 650-1,300 years for Hf 7 . The  that has been estimated from riverine input is 5,000 years for Zr and 1,500 years for Hf 8 . On the data from the Hudson River estuary,  of Hf is estimated between 1,500 and 7,500 years 6 .
Using a weighted average river concentration of 33 pmol/l and variable f, it was argued that  of Hf is in a range of 435-1,500 years 9 . On the other hand, it has been proposed that  of Hf is only a few hundred years, because Hf does not increase along the deep ocean conveyer 10 .
Thus, our estimates of  for Zr and Hf seem to be acceptable. No other data of  for Nb and Ta are available.
Supplementary Figure S1 . Location of sampling stations. Locations of stations SA-12 and 34°41'N, 139°54'E, where the vertical profiles of REEs were observed 11, 12 , are also shown. The map was made using ODV (http://www.awi-bremerhaven.de/GEO/ODV). 
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